Recent state and federal public school class-size reduction initiatives, increased elementary and pre-K enrollment driven by population growth and immigration, and limited resources for capital projects, modernization, and maintenance at aging schools have increased the prevalence of prefabricated, portable classrooms (portables). At present, approximately one of three California students are taught in portables, whose use is especially prevalent in more populated counties such as Los Angeles, home to the nation's second largest school district. Limited data existed on chemical compound air concentrations, and thus exposures, inside American public schools. Measurements have been limited, usually performed in complaint schools, and varied in sampling protocols and analysis methods. To address a school environment and children's health issue of present concern, an assessment of public school portables was conducted in Los Angeles County. Seven schools in two school districts were recruited, from which 20 classrooms F 13 portables, seven in main buildings F were randomly selected. We report indoor air concentrations of 21 target toxic and odorous volatile organic compounds 3 ). The main sources of aldehydes in classrooms, especially portables, were likely interior finish materials and furnishings made of particleboard without lamination. Indoor air VOC concentrations were generally low in this pilot study. The four most prevalent VOCs measured were toluene, m-/p-xylene, a-pinene, and d-limonene; likely indoor sources were personal, teaching, and cleaning products. Future schools research should attempt larger samples over larger geographical areas.
Introduction
Recent state and federal policy initiatives to reduce public school class sizes in lower grade levels (K-3, ages 4-9 years) to a student-to-teacher ratio of 20 (Stone and Agee, 1996; State of California, 1998 ; California Department of Education (CADE), 1999a), increases in public school elementary and pre-K enrollment (USDOEd, 1997a, b; National Education Association (NEA), 2000; NCES, 2001e ) driven by population growth and immigration, and severe resource restraints for capital projects, maintenance, and modernization at aging schools have significantly increased the prevalence of prefabricated, portable classrooms (portables) (Wyatt, 1997; Jacobson, 1998; Sturgeon, 1998; White, 1998; Kennedy, 1999; Ross and Walker, 1999) . In one national survey, 36% of 903 schools surveyed used portables and another 10% reported plans to install portables within two years (National Center for Education Statistics (NCES), 2000) . In 1991, the number of portables used in California was approximately 43,000 (Auditor General, 1991) , while a more recent estimate reported 86,500 portables in (EdSource, 1998 . The California School Facility Manufacturers Association has reported annual construction of 6000-8000 standard 960 ft 2 portables, each composed of two or three modules, in recent years and estimated the number demanded will increase to 10,000 per year for this decade (D. Sarich, March 13, 2001 . American Modular Systems, Manteca, CA, personal communication).
From fall 1996 to fall 2001, one in eight American students and 12 of the largest 100 school districts (SDs) were in California (NCES, 2001a (NCES, -d, 2002 ). In the 1999-2000 school year, California ranked first with 8566 schools with approximately six million students (NCES, 2001c) . Approximately 1.2 million, or 27%, of California public school students were housed in portables in 1991 (Auditor General, 1991) , increasing to nearly two million children by (EdSource, 1998 , that is, one of three California students learned in portables. Use of portables has been especially prevalent in California's most populated counties such as Los Angeles, home to the nation's second largest SD (NCES, 2001d (NCES, , 2002 .
The materials used to construct and furnish portables may off-gas toxic and odorous volatile organic compounds (VOCs), including formaldehyde (HCHO), as a function of age of material, temperature (T), and relative humidity (RH) (Lewis, 1991; Hodgson et al., 1993; Zhang et al., 1994; Kelly et al., 1999) . There has been no federal guideline or program to promote pollution prevention with respect to school construction and interior finish materials, or classroom teaching and cleaning supplies (American Public Health Association, 2001), although in California there were regulations with respect to urea formaldehyde insulation, ventilation standards, and the consideration of indoor air and environmental quality (IEQ) in energy conservation efforts (Daisey and Angell, 1998) .
Associations between emissions from such materials used in the home environment (unauthored, 1999) and adverse respiratory outcomes among children have been investigated (Jaakkola et al., 1999 (Jaakkola et al., , 2000 , including exposure to HCHO and risk of allergy (Wantke et al., 1996; Garrett et al., 1999) . Teachers and parents in a number of California school systems have complained about health effects of, to date, unknown etiology, similar to occupational ''sick building syndrome,'' due to the use of portables (Ross and Walker, 1999) . Sparse information, however, concerning relationships between IEQ and student health and productivity existed for schools (Heath and Mendell, 2002) and thus portables. Possible associations between types of ventilation, low air exchange rates, indoor air T and RH, and potential chemical, physical, and biological exposures inside traditional classrooms and adverse learning or health outcomes have been investigated (Pepler, 1968; Green, 1974 Green, , 1985 Walinder et al., 1997 Walinder et al., , 1998 Meyer et al., 1999; Ahman et al., 2000; Heindel, 2000; Smedje and Norback, 2000; Sahlberg et al., 2002) .
At present, limited quantitative or qualitative survey data exist for concentrations of airborne chemical compounds and thus exposures inside California or US public schools; measurements have been limited, usually performed in complaint schools, and varied in sampling protocols and analysis methods (Weinstein, 1979; Educational Writers Association, 1989; Daisey and Angell, 1998; Daisey et al., 2003) . Research in other countries specifically related to portables has also been limited (e.g., Naylor, 1997) . Other studies may be viewed as indirectly related as they focused on carpets as sources of and sinks for indoor pollutants (e.g., Hansen et al., 1987) . Daisey and Angell (1998) made specific recommendations, including the development and testing of a standardized protocol to investigate complaints; means to identify potential environmental agents inside classrooms; and, low-cost, sensitive samplers to measure, during occupancy, full school-day exposures to VOCs including HCHO. These recommendations were similar to two federal reports on environmental threats to children's health (USEPA, 1996 (USEPA, , 2000 , which called for future research on toxic air contaminants in community-based field studies in urban areas in microenvironments where children spend time.
To address a school environment and children's health issue of present concern, an assessment of existing public school portables (UCLA PCS) was conducted in Los Angeles County (Shendell, 2003a -c, Shendell et al., 2003 . We report indoor air concentrations of target organic compounds.
Methodology

Selection and Recruitment
For logistical convenience, K-12 schools serving the same communities chosen for another University of California, Los Angeles (UCLA) study were targeted. A list of schools and their facilities was developed, including the numbers of portables and main building classrooms, through use of the Internet and phone calls to each school identified. Schools with no portables, or temporary ones only for main building repairs, were excluded. In each community, repeated efforts in writing and by phone were required to contact SD administrative offices, and then to contact individual schools, gain permission from principals, and schedule first samplings with the principals and teachers of participating classrooms.
Baldwin Park Unified SD (SD 1), whose Director of Facilities independently contacted UCLA with questions on HVAC systems, air filters, and IEQ, was included; this facilitated receipt of permission from the Superintendent's office and the recruitment of three schools. In addition to SD 1, the final study population consisted of K-12 public schools serving the West Los Angeles area of the Los Angeles Unified SD (SD 2) Region C. The other target SDs declined to participate, due to concern about increasing media attention to school IEQ problems possibly related to health and student performance, which might result in legal actions by parents and teachers. In SD 2, the project required formal approval with a comprehensive application to the Program Evaluation and Research branch. We then recruited six elementary schools and one senior high school, the latter with night-time continuing education classes held in portables, by sending introductory letters to the principals, which included a one-page written, signed notice of the proposal's acceptance by SD 2. Among consenting schools, three or four were to be selected at random. Since only four agreed to participate, however, each was included in the first seasonal sampling. In the second sampling in SD 2, to maximize limited resources, we included only the three elementary schools.
Two portables, one newer (built and sited 1997-2001 ) and one older (built and sited 1950s-1980s) , and one main building control classroom were selected randomly at each school in both SD. SD 1 classrooms were sampled twice in the cooling season (late spring-early fall), and SD 2 classrooms were sampled in the cooling and heating (winter) seasons. The library at one elementary school in SD 1, located in a large, older portable, was also selected. Students occupied this portable, like any other classroom, the entire day except during recess and lunch. At another elementary school in SD 1, only one portable was assessed since during the first sampling, portables were recognized to be of similar age, from the same manufacturer, and sited side-by-side behind the main buildings. Overall, 13 portables (five in SD 1, eight in SD 2) and seven main building classrooms (three in SD 1, four in SD 2) from seven schools (three in SD 1, four in SD 2) were included in this pilot study.
Samplers and Analytic Procedures
HCHO and acetaldehyde (CH 3 CHO) were sampled with a passive clip-on cartridge (Environmental and Occupational Health Sciences Institute ((EOHSI), UMDNJ/Rutgers University) designated as the DNSH Passive Aldehydes and Ketones Sampler (PAKS; . Dansylhydrazine (DNSH) was reagent grade 5-(dimethylamino) naphthalene-1-sulfohydrazide. The DNSH PAKS physical attributes, materials, chemistry, and empirically determined sampling rates have been described, including graphics (Zhang et al., 1999; . During transport, capped samples were wrapped in aluminum foil and placed in plastic bags in cooler packs with blue ice to maintain temperature at or below 41C. Shipment for analysis was by overnight express carriers.
For analysis, DNSH PAKS samples were removed from a refrigerator and allowed to equilibrate to room T, then eluted with acetonitrile. Target compounds were identified and quantified using HPLC with fluorescence detection. Procedures for calibration of the HPLC for analysis and for concentration calculations have been described (Zhang et al., 1999) . This analysis provided lower detection limits than the ultraviolet detector associated with DNPH chemistry-based samplers, there was no effect of ozone up to 300 ppb, and derivatives were stable on the DNSH PAKS . Detection limits for HCHO and CH 3 CHO were 0.01 and 0.02 mg/m 3 , respectively, and were valid across sampling times employed in this study. Chung et al. (1999a, b) conducted an evaluation of the OVM 3520, which had an extra charcoal backing pad. They chose concentrations of target compounds, and T and RH, to represent a range of community indoor and outdoor air microenvironments. Extraction efficiencies, method detection limits (MDLs), percent recoveries with respect to delivered concentrations, and the effects of varying T and RH for target compounds were investigated using a dynamic exposure chamber. Results indicated there was only a limited advantage to using the 3520 over the 3500 OVM for these target compounds under a range of typical conditions, and the entire sampled mass was almost always found on the front charcoal pad. Thus, the OVM 3500 was judged to be sufficient for the UCLA PCS.
Analyses of the VOC samples were conducted at the University of Texas-Houston School of Public Health. The single charcoal pad was extracted using high-resolution gas chromatography grade acetone:carbon disulfide (2:1) solvent, with procedures previously described (Chung et al., 1999a,b) . Preparation of standards, calculation of MDLs, and the use of mean recovery rates to estimate measurement biases in consideration of sampling duration, T and RH, have been described (Chung et al., 1999a,b) . One set of standards and two laboratory blanks were analyzed with each shipment of samples, duplicate samples, and field blanks. For quality control, duplicate samples and field blank samples numbering 10% or more of the UCLA PCS sample size each season were collected and analyzed. Capped OVMs were transported to and from the schools in sealed 3M cans in plastic bags in cooler packs with blue ice, and then in a refrigerator until overnight shipment for analysis. Samples were extracted and analyzed within 1-2 weeks of receipt, and the calculated concentrations were reported back in 2-4 months.
Monitoring in Classrooms
Factors that influenced study design and sampler selection included available resources; travel and schedule logistics; known attributes and capabilities of samplers based on occupational and community residential studies; and, a specific objective to create sampling methodologies that did not disrupt school for students and teachers.
The sampling period for quantitative measurements during the first seasonal sampling periods was one school week, Monday morning through Friday afternoon. Three visits were required. The first visit, on a Thursday or Friday before the sampling, occurred after school. Among the tasks accomplished, a suitable location for siting the passive samplers was determined. The second visit was on the Monday morning of the sampling week before school.
Samplers and instruments were set up together in a location on top of a shelf or cabinet, out of a child's reach and where teachers could not damage or cover them while organizing their materials and supplies. We determined it was not necessary to place the samplers at the height of the children's breathing zone. In a study of 20 homes of randomly selected adults in Erfurt, Eastern Germany (Schneider et al., 1999) , 3M OVM 3500 passive samplers exposed seven days for VOC concentrations indoors and outdoors were placed at multiple heights in the main living room (0.7, 1.2, and 2.0 m). No vertical variability was observed, that is, there were no significant differences between the median values of the weekly average air concentrations at different heights, supporting the present pilot study's design. The final visit was on Friday afternoon of the sampling week after school. Instruments were removed and passive samplers were capped; upon return to UCLA, samples were processed and field data were downloaded.
Comparison of data from different seasons was designed to allow investigation of the potential influence of variability in meteorology, activity patterns, and behaviors, for example, use of the HVAC system, on potential exposure in portables. While there was no personal sampling with young children, there were no disruptions during the normal school day and potential occupant exposure was assessed given the majority of time was spent indoors in one classroom. The only time students spent daily, on average, outside the classroom was for a total of about 1 h for morning recess and lunch out of a 6-7 h school day.
One purpose of the UCLA PCS first seasonal sampling was to learn which target compounds could be quantified above MDLs with the passive samplers exposed for an entire school week, approximately 6200 min. The second seasonal sampling consisted of samples collected for different time periods during a typical 5-day school week to provide a measure of time resolution in concentration measurements versus weeklong integrated samples (weekly integrated). The periods of interest over a school week were the school day for students and/or teachers (daily integrated), approximately 8 h, and the unoccupied late afternoon and overnight periods when the HVAC system was likely not operated, approximately 16 h. School day average (school hours) ''grab samples'' were collected to explore differences between concentrations of target aldehydes on a Monday and a Wednesday and/or Friday due to a potential ''weekend offgassing build up'' effect. Over the weekend, the HVAC systems were off, while doors and windows remained closed and locked (Shendell, 2003a) .
In SD 2, only elementary schools were included in the second seasonal sampling. In SD 1, no winter sampling was conducted. Instead, there was a second late spring, that is, cooling season, sampling the first week of June. The sample size for main building control classrooms in SD 1 would have been small, precluding a statistical comparison with portables, if the data set was stratified by season. Resource costs of doubling cooling season weekly integrated samples in SD 1 to 10 observations for portables and six observations for main building classrooms was justified by the improved statistics and an improved understanding of indoor air concentrations for different times during a school week with daily integrated and school hour samples.
The second sampling design was similar to the first sampling design except two of the three surveys, the technician walk-through on potential sources and the interview questionnaire on operations and maintenance (Shendell, 2003a-c) , were not conducted. The same teacher and students occupied a classroom during the entire school year. The assumption was the behaviors and practices of custodians and SD operations and maintenance staff did not change significantly during a school year. The main difference between the first sampling and the second sampling was the second visit methodology was repeated every day of the week, morning and afternoon, with a set of passive samplers uncapped and then capped again, respectively, yielding both the weekly and daily integrated samples.
Data Management and Analyses
For data management and statistical analyses, the Microsoft Office Professional 97 software package and SAS (Cary, NC, USA) statistical software, versions 6.12. and 8, for Windows 98 were used. Results were compared with the state indoor air quality guideline developed for HCHO (California Air Resources Board (CARB), 1991), acute and chronic noncancer reference exposure levels (RELs) (Office of Environmental Health Hazard Assessment (OEHHA) 2000, 2001a) , and human odor thresholds (Devos et al., 1990) .
Results
HCHO and CH 3 CHO
Concentrations reported were corrected for the mean concentrations measured on laboratory and field blanks. For the first cooling season sampling in SD 1, the mean blank concentrations for HCHO and CH 3 CHO were 1.44 and 0.18 mg/m 3 , respectively; for the second cooling season sampling, the values were 0.76 and 0.63 mg/m 3 , respectively. For the cooling season sampling in SD 2, the values were 0.02 and 0.02 mg m 3 , respectively; for the heating season sampling, the values were 0.09 and 0.04 mg/m 3 , respectively. The reason for relatively higher blank levels of HCHO than CH 3 CHO during the first cooling season measurement in SD 1 was the PAKS samplers had not gone through the additional purification of DNSH reagent typical for samplers used subsequently.
Precision is an important attribute of good field investigations, especially when employing a relatively new sampler.
Data from the development and improvement of methods for monitoring children's exposures are needed (Cohen Hubal et al., 2000) . Shendell (2003a) presented an assessment of field duplicates for overall precision of the aldehyde sampling method for the UCLA PCS. The absolute differences for pairs of weekly integrated and daily integrated samples documented good overall precision, as values were usually within 1-6% of each other. Analytic duplicates for analytic method precision were conducted routinely by EOHSI; however, none of the UCLA PCS samples were randomly selected for such duplicate HPLC injections given the relatively small sample size each season in comparison with those of other concurrent studies in which EOHSI participated. Table 1 presents a summary of measured HCHO concentrations, in mg/m 3 . Among SD 1 main building classrooms in the cooling season, weekly integrated concentrations were slightly higher than daily integrated concentrations. Among SD 1 portables in the cooling season, mean and median weekly integrated and daily integrated values were the same, but the range of measured daily integrated values was wider due to likely differences in ventilation and sources. In SD 2, across room types, weekly integrated concentrations were higher in the cooling season than in the heating season, and in the heating season across room types, daily integrated concentrations exceeded weekly integrated concentrations.
Overall, across room types, SD, seasons, and sample types, none of the measured HCHO concentrations in this study exceeded the CARB indoor air guideline of B60 mg/ m 3 . Only four portable classroom weekly integrated samples and about 25% of portable classroom school hour samples, four in the cooling season and five in the heating season, exhibited measured concentrations above the 8-h OEHHA acute non-cancer REL of 33 mg/m 3 . Across sample types, SD, and seasons, concentrations in portables appeared to be higher than in main building control classrooms, which suggested the greater prevalence of, or newer, sources. For example, the maximum weekly integrated value in the UCLA PCS was in SD 1, school 1, portable 1 in the first cooling season sampling, 55.2 mg/m 3 . The weekly integrated sample from the second cooling season sampling in this same classroom declined to 19.6 mg/m 3 . This comparison of data from a single new portable suggested a reduction in the emissions of HCHO and other VOCs over time. Table 2 provides a summary of measured CH 3 CHO concentrations, in mg/m 3 . In SD 1 main building classrooms in the cooling season, weekly integrated concentrations were higher in the second sampling event than in the first sampling event, but the opposite was observed in portables. In SD 2 portables, weekly integrated concentrations were higher in the cooling season than in the heating season, although values in the main building classrooms were similar. Since only weekly integrated samples were employed in the first sampling, these data suggested decreased emissions from permanent material sources in portables over time. In SD 1 in the cooling season and SD 2 in the heating season, across room types, daily integrated values were greater than weekly integrated values, which suggested the importance of school day activities as sources. Nevertheless, when considering data from both SD across seasons and sample types, mean and median concentrations were below the OEHHA non-cancer chronic REL of 9 mg/m 3 . The maximum measured concentrations of CH 3 CHO were in three portables F school 2 portable 1 and school 3 portable 1 of SD 1, and school 1 portable 1 of SD 2. These values may be partially explained by the influence of outdoor sources. Nearby freeway emissions in SD 1 or idling vehicles, particularly delivery trucks, near the mechanical HVAC system air intake of this SD 2 portable could have increased the formation of CH 3 CHO outdoors; ventilation would affect the impact indoors. Thus, these data suggested that although the main sources of CH 3 CHO in UCLA PCS classrooms were interior finish materials, other non-material sources likely influenced high values in specific portables. Measurements of air exchange rates, T, and RH for this study were reported in Shendell et al. (2003) .
Across SD and seasons for HCHO, school hour values were higher than weekly integrated and daily integrated values. In SD 1, Wednesday school hour concentrations were higher than Monday and Friday values, which were similar, and in SD 2, Friday values were higher than Monday values, although the ranges of concentrations were similar. Across SD and seasons for CH 3 CHO, Monday school hour concentrations were slightly higher than Wednesday and Friday values, which were similar, but the range of measured school hours concentrations was wider as a given week progressed. These data suggested no build-up of pollutants over unoccupied weekends. Further explanations would include uncertainties related to the presence of and age or frequency, duration and amount of use of sources in these classrooms, and the passive sampling method employed. Potential HCHO sources included construction and interior finish materials and furnishings like hardwood plywood, adhesives, carpets, vinyl and fabric covered tackable wall panels, fiberglass and mineral fiber ceiling tiles, and exposed, that is, not laminated, particleboard surfaces and edges (CARB, 1991; Consumer Product Safety Commision (CPSC), 1997; Hodgson et al., 2001; USEPA, 2002) . Potential CH 3 CHO sources included interior finish materials such as sheet vinyl flooring near front doors and sink areas, carpets, and vinyl and fabric covered wall panels (Hodgson et al., 2001 ). In addition, teachers could have used consumer products such as adhesives, inks, and nail polish removers, which emitted CH 3 CHO (CARB, 1993) . Table 3 presents t-tests of means using the aldehyde data for both the cooling and heating seasons. Based on the small sample sizes created after grouping data by SD, season, room type, and/or sample type, and considering the means and medians of these samples were generally similar, we assumed normal distributions. In general, the results agreed with respect to significance. t-Tests results indicated there were no significant differences in mean concentrations between seasons, and SD, for school hour samples for both compounds in portables, except Friday school hour HCHO concentrations, where values in the heating season were higher. Similarly, across sample types, mean concentrations of CH 3 CHO were higher across room types and SD in the cooling season, and across room types and seasons in SD 1. In addition, mean concentrations of HCHO across seasons, sample types, and room types were higher in SD 2. Furthermore, across seasons, SD, and sample types, mean concentrations of HCHO and CH 3 CHO were higher in portables. Explanations to consider included differences in the characteristics of the portables such as type and age of interior finish materials; HVAC system operating practices driving ventilation; cleaning compounds and practices; prevalence and proximity of outdoor sources in consideration of seasonal meteorology, since these compounds were both primary and secondary pollutants.
VOCs
Concentrations reported in the data tables were corrected for the mean concentration measured on laboratory and field (Chung et al., 1999a, b ) the highest and most variable background contaminant of the OVMs was toluene, which resulted in the relatively high MDL shown in Tables 4  and 5 . In addition, there were analytic problems with naphthalene, which invalidated the data, although this was of no significance given the values were below the MDL (T Stock, 2001a, personal communication). These QAQC findings were incorporated to determine the MDLs and to report valid final concentrations.
Across room types, similar numbers of target compounds were detected above empirically determined MDLs before correction by the mean of the field blanks, although three to four more compounds were detected in portables during the cooling season in each SD (Shendell, 2003a) . Five compounds were consistently below their MDL: 1, 3-butadiene, chloroprene, trichloroethylene, naphthalene, and styrene. The most likely reason these volatile, reactive compounds were not detected was the lack of indoor sources such as cigarette smoking, combustion of fossil fuels, mothballs, photocopiers, and printers. The use of the OVM 3500 in school environments is relatively new. Given the expected low concentrations of many of the target compounds, and the lack of data from previous studies, the ability to replicate results was important for validation of these field methods to inform future school studies. Quantitatively, measured VOC concentrations in the Texas School Indoor Air Study (R Corsi, July 2002; Torres et al., 2002 , personal communication, Department of Civil Engineering, University of Texas at Austin-Texas Institute for the Indoor Environment) were suspect due to concerns about conditions and time of storage before extraction and analysis; individual samples may have underestimated true measured concentrations. Shendell (2003a) presented the field duplicate data for the assessment of overall method precision for the UCLA PCS. Overall, these results supported a conclusion of good overall precision for the methodology employed including shipments, storage when new and after use, handling, field deployment, extraction, and analyses. Standard deviations based on the absolute differences between duplicate pairs of values were negligible or less than 0.3 mg/m 3 for 17 of 19 compounds. The standard deviation was 0.56 mg/m 3 for d-limonene, but the absolute differences between duplicate pairs of values were within 1-10% of the relatively high measured concentrations. The absolute difference between each duplicate pair of values for toluene ranged 7-25% of the measured concentrations; the standard deviation was 0.75 mg/m 3 . Given the relatively high and variable background contamination noted above, the overall precision for toluene was acceptable.
Duplicates for analytic method precision were conducted routinely by UT-Houston, and target compound recoveries were well understood and documented (Chung et al., 1999a,b) . Nevertheless, UCLA PCS samples usually were not systematically selected (one per 20 samples) given the relatively small sample sizes compared to those of other concurrent studies UT-Houston participated in. During analyses of samples taken in the cooling season in SD 2 and the second cooling season sampling in SD 1, however, one to two samples were selected for a second injection. The results of two analytic duplicates run with the SD 2 cooling season samples, sent in two batches, indicated excellent analytic precision (T Stock, 2001a, personal communication) . Shendell (2003a) presented data for the sample from a portable in SD 1 and its duplicate injection. The calculated absolute difference was negligible or about 3-9% of the measured concentrations for 17 of 19 compounds. For two compounds, the calculated absolute difference was about 10% or 20% of the measured concentrations, but these were below 1.0 mg/m 3 . Overall, results confirmed good analytic precision. Tables 4 and 5 are summaries of measured indoor air VOC concentrations in mg/m 3 in SD 1 portables and main building control classrooms, respectively. Overall, measured concentrations were below known human odor thresholds and chronic and/or acute noncancer RELs for target compounds for which those values were established (Devos et al., 1990; OEHHA, 2000 OEHHA, , 2001a , likely because indoor and/or outdoor sources were not present (Shendell, 2003a, b) . These compounds were 1,3-butadiene, benzene, ethylbenzene, styrene, o-xylene, naphthalene, p-dichlorobenzene, methylene chloride, chloroform, carbon tetrachloride, tetrachloroethylene, and trichloroethylene. The four most prevalent compounds, toluene, m-/p-xylene, a-pinene, and d-limonene, had higher measured daily integrated concentrations than weekly integrated concentrations, and the minimum and maximum values covered a relatively wide range. Likely indoor sources in the school classroom environment for these compounds were commercially available personal, teaching, and cleaning products, including hair sprays, perfume, nail color and remover, deodorants, lemon-and pine-scented cleaners, air fresheners, and soaps (Wallace et al., 1991) . A laboratory study of interior finish materials for typical California portables suggested toluene, whose mean and median concentrations across sampling events and room types were the highest measured in SD 1, was emitted from resilient floor tiles as well as vinyl and fabric covered tackable wall panels (Hodgson et al., 2001) .
Tables 6 and 7 present summaries of measured indoor air VOC concentrations, in mg/m 3 , in SD 2 in portables and main building control classrooms, respectively. The same group of compounds with low measured concentrations (o1-3 mg/m 3 ) across room types and sample types in SD 1 were also found to have similarly low measured concentrations in SD 2 across room types, sample types, and seasons. For the four most prevalent compounds in SD 1 and again in SD 2, measured concentrations were relatively higher in the heating season than in the cooling season and the daily integrated values were similar to or higher than the weekly integrated values. For p-dichlorobenzene in the cooling season, only one measured weekly integrated concentration among main building classrooms was above the MDL. This sample was from a secondary school science classroom adjacent to a hallway on the second floor with other classrooms and bathrooms. Besides mothballs, some bathroom deodorizers and air fresheners contained p-dichlorobenzene (CARB, 2001 ). In the heating season, relatively high maximum daily integrated values for compounds whose means and medians were consistently low, for example, benzene, were found in one elementary school main building classroom. We speculate a custodial cleaning solvent may have been used in an early afternoon in the room or on the adjacent hallway floor in a larger quantity.
Discussion
The presence and magnitude of measured concentrations of the six most prevalent compounds in the UCLA PCS across SD, seasons, sample types, and room types F HCHO, CH 3 CHO, toluene, m-/p-xylene, a-pinene, and d-limonene F were likely due to cleaning and personal care products and/or interior finish, furnishing, and teaching materials. This pilot study included qualitative technician walk-through surveys to assess the presence and storage locations of such sources in study classrooms, but could not accurately characterize what night-time custodians used or what regular and substitute teachers may have temporarily introduced into the classrooms (Shendell, 2003a, b) . The European Union authorized task force on IEQ in European schools cited the presence of multiple VOC sources such as paints, cleaners, interior finish materials, and furnishings (Carrer et al., 2002) .
Other studies have suggested the use of chemical cleaning compounds and air fresheners during occupied hours and/or during overnight custodial cleaning, when there was likely inadequate ventilation, drove measured concentrations (Cavallo et al., 1993; Torres et al., 2002) . Recent studies suggest d-limonene, a-and b-pinene and other VOCs in heterogeneous reactions on indoor surfaces, especially in the presence of ozone entering from the outdoors, may produce concentrations of other pollutants of health concern, including fine and ultrafine particles and oxidation products (Wainman et al., 2000; Wolkoff et al., 2000; Fielder et al., 2002; Klen and Wolkoff, 2002; Rohr et al., 2002; Wilkins et al., 2002) . In the pilot study of the French Permanent Survey on IAQ (Kirchner et al., 2002) , two main building classrooms in each of nine schools were assessed. The reported range of measured integrated indoor HCHO concentrations was 13-67 mg/m 3 . These data were similar to, but the range wider than, measurements conducted during the present study. Also, passive measurements of integrated indoor concentrations of each target VOC were o10 mg/m 3 in the 18 classrooms except one compound in one classroom. These data agreed with the relatively low measured VOC concentrations found in our study. Smedje and Norba¨ck (1999) , from their 1993-1995 investigation of 181 main building school classrooms in the county of Uppsala, Sweden, reported the median (25-75th interquartile range) HCHO concentrations were o5 mg/m 3 (o5-10 mg/m 3 ). These concentrations were lower than those observed in our study. The Swedish schools were older, and thus lower emissions from construction and interior finish materials were likely. Nevertheless, HCHO concentrations were predicted to be higher in classrooms with more fabrics (Po0.05) and more open shelves (Po0.001), supporting interior furnishings as potential sources in classrooms. Fontana et al. (2000) reported on measurements conducted for 3 days during occupied hours in an USEPA school demonstration study on IEQ. Four indoor sites and one outdoor location per school, at five public schools across the United States, were included; one school was in California in a mild, dry climate zone. Integrated HCHO measurements using an active sampling protocol were included; the sample duration was 8-10 h. The mean7SD (range) integrated indoor concentrations at the California school, in mg/m 3 , were 9.270.6 (8.6-10.1). These HCHO concentrations were lower than those measured in the present study, due likely to ambient influences and differences in HVAC system operation.
Nikolic (2000) reported on a study of IEQ over 20 consecutive winter days in main building classrooms of two primary schools in Nis, Yugoslavia; ''school 1'' was located in an industrial zone near a busy street, and ''school 2'' was situated away from major outdoor pollution sources and enclosed by vegetation. The mean7SD (range) integrated daily indoor HCHO concentrations, in mg/m 3 , at ''school 1'' and ''school 2,'' respectively, were 0.879.3 (0-27.6) and 0.0377.6 (0-0.1). The author associated these low concentrations with the lack of new construction materials and furnishings; measured concentrations in ''school 1'' were relatively higher than in ''school 2'' possibly due to relative proximity to primary and secondary ambient sources of HCHO. The maximum measured HCHO concentration in ''school 1'' was within the ranges of indoor HCHO concentrations measured in the present study.
Statistical limitations of the data resulted from necessary methods of recruitment. Other limitations of this pilot study's design and sampling methodology were imposed by limited resources, for example, no monitoring of outdoor air concentrations, and the short amount of time allowed in the elementary school classrooms. Nevertheless, a primary goal of our study was to develop a noninvasive, nonintrusive, and nondisruptive sampling protocol, with samplers out of reach and sight of students and out of the teacher's organizational and functional space. The measured concentrations in the portable or main building classrooms were indirect measures of personal exposure since public elementary school students and their teachers spent most of the school day inside a designated classroom. If high concentrations of compounds emitted from known outdoor sources were measured in selected classrooms at a participating school, future studies could examine the relative impact of indoor and neighboring outdoor sources in a more quantitative manner. Our technician surveys (Shendell, 2003a, b) only identified potential outdoor sources of target VOCs.
In conclusion, this study's data suggested the main sources of aldehydes in classrooms, especially portables, were interior finish materials and furnishings made of particleboard without lamination. The four most prevalent VOCs measured in the UCLA PCS were toluene, m-/p-xylene, apinene, and d-limonene, and concentrations of these compounds were relatively lower in main building classrooms than in portables. Their likely indoor sources in the school environment were commercially available personal, teaching, and cleaning products used frequently, intermittently, or for a short, specific duration. Future research in schools should attempt larger sample sizes and cover larger geographical areas, but continue to assess multiple IEQ parameters during occupied hours with quantitative and qualitative instruments. When toxic and odorous VOCs are measured, the list of target VOCs should emphasize those associated with newer interior finish materials and cleaning compounds. Researchers may also want to consider microbial VOCs, particularly in situations when concerns of moisture build-up on or behind walls and ceiling tiles, and subsequent mold growth, arise after walk-through surveys. The overall precision analysis and field data for measured school hour concentrations of aldehydes in portables on multiple weekdays provided support for future development of the DNSH PAKS. Modifications and further laboratory and field validation assessments of the DNSH PAKS would benefit personal and microenvironmental exposure assessment in educational and occupational settings for HCHO, CH 3 CHO, and other carbonyls of health importance. For example, acrolein was one of the top five toxic air contaminants of concern to children's environmental health in California (OEHHA, 2001b) .
